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Abstract 
Background and purpose: Disinfection is one of the most important stages in water treatment.
So far, various chemical disinfection methods such as chlorination have been widely used. However, 
these methods have serious disadvantages, like producing DBPs. The purpose of this research was to
study the efficacy of nTiO2 photocatalyst process on removing E.Coli as a water microbial pollution 
index and effects of some parameters on its efficiency.
Materials and methods: Water was artificially contaminated with E.Coli. Culture method and
counting were performed according to standard methods for water and wastewater and was reported as
CFU/ml. The size of nTiO2 was 20 nm that was used in the presence or absence of UV for disinfection. 
The Kolmogorov-Smirnov Test was used to check the normality of the data. The ANOVA and T-Test 
were used for analyzing the data. 
Results: The results indicated that the inactivation of Escherichia coli increased with increase of 
nTiO2 catalyst dose and contact time. However, the efficiency decreased when the number of colonies 
increased. Minimum, average and maximum percentage removal of nTiO2+UV process were 75.1, 
88.9±12.7, and 100%, respectively, in 40 min contact time and 0.8 g/L catalyst dose. 
Conclusion: The bacteria mortality rate in the presence of UV alone was more than that of the 
nTiO2 alone process. However, the efficiency of the photocatalytic process (UV+nTiO2) was more than 
that of the UV alone or nTiO2 alone. 
Keywords: Escherichia coli, water disinfection, photocatalyst, nTiO2 
J Mazandaran Univ Med Sci 2015; 25(122): 227-238 (Persian). 
227 
 
        
  
ﮔﻨﺪزداﻳﻲ  آب  ﺑﺎ  اﺳﺘﻔﺎده  از  ﻓﺮآﻳﻨﺪ  ﻓﺘﻮﻛﺎﺗﺎﻟﺴﻴﺘﻲ  ﺑﺎ  
 





ﻣﺤﻤﺪﻋﻠﻲ ززوﻟﻲ1        
ﻣﺤﻤﺪ آﻫﻨﺠﺎن2         

ﻳﻮﺳﻒ ﻛﺮ3         

ﻣﻌﺼﻮﻣﻪ اﺳﻼﻣﻲ ﻓﺮ4         






      
                      




ﺳﺎﺑﻘﻪ و ﻫﺪف : ﮔﻨﺪزداﻳﻲ آب از ﻣﻬﻢ ﺗﺮﻳﻦ ﻣﺮاﺣﻞ ﺗﺼﻔﻴﻪ ي آب ﺑﻮده و ﺗﺎﻛﻨﻮن از روش ﻫﺎي ﺷﻴﻤﻴﺎﻳﻲ ﻣﺨﺘﻠﻔﻲ از ﺟﻤﻠﻪ 
ﻛﻠﺮزﻧﻲ ﺑﺮاي ﮔﻨﺪزداﻳﻲ اﺳﺘﻔﺎده ﺷﺪه اﺳﺖ . اﻣﺎ اﻳﻦ روش ﻫـﺎ، ﻣﺸـﻜﻼت ﺟـﺪي ﻫﻤﭽـﻮن ﺗﻮﻟﻴـﺪ  SPBD را در ﭘـﻲ دارﻧـﺪ . ﻟـﺬا 
ﻫﺪف از اﻳﻦ ﺗﺤﻘﻴﻖ، ﻣﻄﺎﻟﻌﻪ ﻛﺎراﻳﻲ ﻓﺮآﻳﻨﺪ ﻓﺘﻮﻛﺎﺗﺎﻟﻴﺴﺘﻲ ﺑﺎ ﻧﺎﻧﻮذرات دي اﻛﺴﻴﺪ ﺗﻴﺘﺎﻧﻴﻮم )2OiTn( در ﺣﺬف اﺷﺮﺷـﻴﺎﻛﻠﻲ ﺑـﻪ 
ﻋﻨﻮان ﺷﺎﺧﺺ آﻟﻮدﮔﻲ ﻣﻴﻜﺮوﺑﻲ از آب و ﺑﺮرﺳﻲ ﺗﺎﺛﻴﺮ ﺑﻌﻀﻲ از ﭘﺎراﻣﺘﺮﻫﺎ ﺑﺮ ﻛﺎراﻳﻲ آن ﻣﻲ ﺑﺎﺷﺪ .  
ﻣﻮاد و  روشﻫﺎ : آب ﺑﻪ ﺻﻮرت ﻣﺼﻨﻮﻋﻲ ﺑﺎ اﺷﺮﻳﺸﻴﺎﻛﻠﻲ آﻟﻮده ﮔﺮدﻳﺪ . روش ﻛﺸﺖ وﺷﻤﺎرش ﻣﻄﺎﺑﻖ روش اﺳﺘﺎﻧﺪارد ﻛﺘﺎب 
 روشﻫﺎي اﺳﺘﺎﻧﺪارد آب و ﻓﺎﺿﻼب اﻧﺠﺎم و ﺑﺮﺣﺴﺐ Lm/UFC ﮔﺰارش ﺷﺪ . ﻧﺎﻧﻮذرات  2OiT ﺑﺎ اﻧﺪازه ي 02 ﻧﺎﻧﻮﻣﺘﺮ در 
ﺣﻀﻮر ﻳﺎ ﻋﺪم ﺣﻀﻮر ﻧﻮر ﻓﺮاﺑﻨﻔﺶ ﺟﻬﺖ ﮔﻨﺪزداﻳﻲ اﺳﺘﻔﺎده ﺷﺪ . ﺑﺮاي ﺑﺮرﺳﻲ ﻧﺮﻣﺎل ﺑﻮدن داده ﻫﺎ از آزﻣﻮن اﺳﻤﻴﻨﺮف
ﻛﻮﻟﻤﻮﮔﺮف و ﺟﻬﺖ ﺗﺤﻠﻴﻞ داده ﻫﺎ از  آزﻣﻮنﻫﺎي ﭘﺎراﻣﺘﺮي tseT-T و AVONA اﺳﺘﻔﺎده ﮔﺮدﻳﺪ. 
 ﻳﺎﻓﺘﻪﻫﺎ : ﻧﺘﺎﻳﺞ ﺣﺎﻛﻲ از آن اﺳﺖ ﻛﻪ درﺻﺪ ﻧﺎﺑﻮدي اﺷﺮﺷﻴﺎﻛﻠﻲ ﺑﺎ اﻓﺰاﻳﺶ دوز ﻛﺎﺗﺎﻟﻴﺴﺖ  2OiTn و زﻣﺎن ﺗﻤﺎس اﻓﺰاﻳﺶ 
ﻣﻲ ﻳﺎﺑﺪ، اﻣ ﺎ ﻛﺎراﻳﻲ ﻓﺮاﻳﻨﺪ ﺑﺎ اﻓﺰاﻳﺶ ﺗﻌﺪاد ﻛﻠﻨﻲ ﻛﺎﻫﺶ ﻣﻲ ﻳﺎﺑﺪ . ﺣﺪاﻗﻞ، ﻣﻴﺎﻧﮕﻴﻦ و ﺣﺪاﻛﺜﺮ درﺻـﺪ ﺣـﺬف VU+2OiTn ﺑـﺎ 
ﻏﻠﻈﺖ 8/0 ﮔﺮم در ﻟﻴﺘﺮ و زﻣﺎن ﺗﻤﺎس 04 دﻗﻴﻘﻪ ﺑﻪ ﺗﺮﺗﻴﺐ 1/57، 7/21± 9/88 و 001 درﺻﺪ ﻣﻲ ﺑﺎﺷﺪ .  
اﺳﺘﻨﺘﺎج : ﻣﻴﺰان ﻣﺮگ و ﻣﻴﺮ ﺑﺎﻛﺘﺮي در ﺣﻀﻮر ﻧﻮر ﻓﺮاﺑﻨﻔﺶ )VU( ﺗﻨﻬﺎ ﺑﻴﺶ از راﻧـﺪﻣﺎن ﻓﺮآﻳﻨـﺪ ﺑـﺎ  2OiTn ﺗﻨﻬـﺎ اﺳـﺖ، 
ﻟﻴﻜﻦ ﻛﺎراﻳﻲ ﻓﺮآﻳﻨﺪ ﻓﺘﻮﻛﺎﺗﺎﻟﻴﺴﺘﻲ)VU +2OiTn ( ﺑﻴﺶ از VU ﺗﻨﻬﺎ و  2OiTn ﺗﻨﻬﺎﺳﺖ .  
  





ﻫﺮﭼﻨ ــﺪ اﻣ ــﺮوزه ﭘﻴﺸ ــﺮﻓﺖ ﻫ ــﺎي زﻳ ــﺎدي در زﻣﻴﻨ ــﻪ  ﮔﺰارش ﻣﻲ ﺷﻮد)2-1( . ﻟﺬا اﻧﺠﺎم ﮔﻨﺪزداﻳﻲ ﻳﻜﻲ ازﻣﻬﻢ ﺗﺮﻳﻦ  
ﺑﻬﺴـﺎزي و ﺗﺼـﻔﻴﻪ آب اﻧﺠـﺎم ﺷـﺪه اﺳـﺖ  اﻣـﺎ  ﻫﻤﭽﻨـﺎن  ﻣﺮاﺣﻞ ﺗﺼﻔﻴﻪ ي آب ﺟﻬﺖ اﻃﻤﻴﻨﺎن از ﻋـﺎري ﺑـﻮدن آب 
آﻟﻮدﮔﻲ آب ﺑـﻪ ﻣﻴﻜﺮوارﮔﺎﻧﻴﺴـﻢ ﻫـﺎ در  آبﻫـﺎي ﺷـﺮب  از ﺑﺎﻛﺘـ ﺮيﻫـﺎي ﺑﻴﻤـ ﺎريزا اﺳﺖ . در ﺣـﺎل ﺣﺎﺿـﺮ ﻫـﺪف  
  
اﻳﻦ ﻣﻘﺎﻟﻪ ﺣﺎﺻﻞ ﻃﺮح ﺗﺤﻘﻴﻘﺎﺗﻲ ﺷﻤﺎره 1- 29 اﺳﺖ ﻛﻪ ﺗﻮﺳﻂ ﻣﻌﺎوﻧﺖ ﺗﺤﻘﻴﻘﺎت و ﻓﻨﺎوري داﻧﺸﮕﺎه ﻋﻠﻮم ﭘﺰﺷﻜﻲ ﻣﺎزﻧﺪران ﺗﺎﻣﻴﻦ ﺷﺪه اﺳﺖ . 
ﻣﻮﻟﻒ  ﻣﺴﺌﻮل : ﻣﺮﻳﻢ ﻳﻮﺳﻔﻲ- ﺳﺎري : ﻛﻴﻠﻮﻣﺘﺮ 81 ﺟﺎده ﺧﺰرآﺑﺎد، ﻣﺠﺘﻤﻊ  داﻧﺸﮕﺎﻫﻲ  ﭘﻴﺎﻣﺒﺮ  اﻋﻈﻢ، داﻧﺸﻜﺪه  ﺑﻬﺪاﺷﺖ                    moc.oohay@7if3u_mayram:liam-E   
1. داﻧﺸﻴﺎر،  ﮔﺮوه  ﻣﻬﻨﺪﺳﻲ  ﺑﻬﺪاﺷﺖ  ﻣﺤﻴﻂ،  ﻣﺮﻛﺰ  ﺗﺤﻘﻴﻘﺎت  ﻋﻠﻮم ﺑﻬﺪاﺷﺘﻲ،  داﻧﺸﻜﺪه  ﺑﻬﺪاﺷﺖ، داﻧﺸﮕﺎه  ﻋﻠﻮم  ﭘﺰﺷﻜﻲ  ﻣﺎزﻧﺪران،  ﺳﺎري، اﻳﺮان  
2. اﺳﺘﺎدﻳﺎر،  ﮔﺮوه  ﻣﻴﻜﺮ وبﺷﻨﺎﺳﻲ  و  وﻳﺮوسﺷﻨﺎﺳﻲ  ﭘ ﺰﺷﻜﻲ،  داﻧﺸﻜﺪه ﭘﺰﺷﻜﻲ  ،  داﻧﺸﮕﺎه  ﻋﻠﻮم ﭘﺰﺷﻜﻲ  ﻣﺎزﻧﺪران،  ﺳﺎري، اﻳﺮان  
3. ﻛﺎرﺷﻨﺎس  ارﺷﺪ ﻣﻬﻨﺪﺳﻲ  آب  و  ﻓﺎﺿﻼب،  ﻣﺮﻛﺰ  ﺑﻬﺪاﺷﺖ  ﮔﻤﻴﺸﺎن،  داﻧﺸﮕﺎه ﻋﻠﻮم  ﭘﺰﺷﻜﻲ  ﮔﻠﺴﺘﺎن،  ﮔﺮﮔﺎن، اﻳﺮان  
4. ﻛﺎرﺷﻨﺎس  ارﺷﺪ  ﻣﻴﻜﺮوﺑﻴﻮﻟﻮژي، داﻧﺸﻜﺪه  ﺑﻬﺪاﺷﺖ، داﻧﺸﮕﺎه  ﻋﻠﻮم  ﭘﺰﺷﻜﻲ  ﻣﺎزﻧﺪران، ﺳﺎري، اﻳﺮان  
5.ﻛﺎرﺷﻨﺎس  ارﺷﺪ  آﻣﺎر،  داﻧﺸﻜﺪه  ﺑﻬﺪاﺷﺖ،  داﻧﺸﮕﺎه ﻋﻠﻮم  ﭘ ﺰﺷﻜﻲ ﻣﺎزﻧﺪران،  ﺳﺎري،  اﻳﺮان  
6 . داﻧﺸﺠﻮي  ﻛﺎرﺷﻨﺎﺳﻲ ارﺷﺪ  ﻣﻬﻨﺪﺳﻲ  ﺑﻬﺪاﺷﺖ  ﻣﺤﻴﻂ،  ﻛﻤﻴﺘﻪ  ﺗﺤﻘﻴﻘﺎت  داﻧﺸﺠﻮﻳﻲ،  داﻧﺸﻜﺪه  ﺑﻬﺪاﺷﺖ، داﻧﺸﮕﺎه  ﻋﻠﻮم  ﭘﺰﺷﻜﻲ  ﻣﺎزﻧﺪران،  ﺳﺎري،  اﻳﺮان 
 ﺗﺎرﻳﺦ درﻳﺎﻓﺖ : 32/9/3931         ﺗﺎرﻳﺦ ارﺟﺎع ﺟﻬﺖ اﺻﻼﺣﺎت : 5/11/3931         ﺗﺎرﻳﺦ ﺗﺼﻮﻳﺐ : 61/21/3931  
ﭘﮋوﻫﺸﻲ

 822        ﻣﺠﻠﻪ داﻧﺸﮕﺎه ﻋﻠﻮم ﭘﺰﺷﻜﻲ ﻣﺎزﻧﺪران                                                                         دوره ﺑﻴﺴﺖ و ﭼﻬﺎرم ، ﺷﻤﺎره 221 ، اﺳﻔﻨﺪ 3931  
     
          
  
                                                                                                             
 
        
         
    
        
         
          
         
          
         
         
           
        
         
        
          
         
          
          
         
         
          
          
         
          
         
         
           
         
          
       
         
          
         
         
           
          
            
          
         
             
           
               
           
          
             
          
         
         
          
         
         
          
          
      
       
        
          
          
          
        
        
        
             
  
     
       
         



























.ﺑﺎﺷـﺪ ﻣﻲوﻟﺖاﻟﻜﺘﺮون2/3 ،2OiTاﻧﺮژيﮔﺎف .دﺷﻮ ﻣﻲ





















































                                                                                               
    
          
        
       
        
        
        
           
        
        
         
        
          
           
          
          
         
        
          
        
      
         
          
         
        
         
         
         
           
          
          
          
         
            
         
        
         
         
        
          
        
          
          
       




            
  
      
      
         
         
         
  
            
 
             
    
    
    
    
    
  
    
        





























































 801 × 5/1ﺑـﺎﻣﻌﺎدلﻛﻪﻓﺎرﻟﻨﺪﻣﻚ5/0ﺎﻧﺪارداﺳﺘازﻧﻴﺎز
3931اﺳﻔﻨﺪ،221رهﺎﻤﺷ،ﻬﺎرمﭼوﺖﻴﺴﺑرهودانﺎزﻧﺪرﻣﺰﺷﻜﻲﭘﻋﻠﻮمﮕﺎهﺸداﻧﻣﺠﻠﻪ 032
     
          
  
                                                                                                             
 
        
         
           
           
                
             
       
          
    
  
     
           
  
         
           
           
         
         
          
         
         
        
         
            
        
         
       
          
           
          
      
  
  
    
            
  
       
           
          
      
  
             
      
     
    
        
    
         
   
        




          
  
  
          
  
      
        
   




























 ﺘﻣ ،(ـﺮي ﺳﺎﻧﺘﻲ7ﺣﺪود)راﻛﺘﻮرﻗﻄﺮﻧﺼﻒﻓﺎﺻﻠﻪدرﻻﻣﭗ
ﻗـﺮارﮔﻴـﺮياﻧـﺪازهﻣـﻮردوﻛﻨﺘـﺮلﻣﺨﺘﻠﻒﻫﺎيزﻣﺎندر




























                                                                                               
               
        
        
       
          
          
    
 
         
            
          
         
           
         
         
          
            
          
       
         
           
           
           
          
         
  
        
       
  






      
          
      
        
     
     
        
       
    
   
  
     




            
           
  
         
        
          
           
         
         
         
         
         
     
       
  
   
      
      
         
          
          
           
           
        
           





































































ﻈﺖﻠﻏ ﻴﺮﺛﺎﺗ ﺑﺎ iloC.Eﻴﺮﺛﺎﺗ و VUﻴﺮﺛﺎﺗ ـﻲﻳﻌﻨﻏﻠﻈﺖداﻧﺴﻴﺘﻪﺳﻪﺑﺎ
 ادﻌﺪﺗ 2OiT VU+2OiT 2OiT 015Lm/UFCو
بﻒ،اﻟ
ذراتﻟﻴﺘﺮدرﮔﺮمﺣﻀﻮردر)N( 21 21 02
 2926/44 5744/17 0931/96ﮕﻧ ﻴﻦ ﻣﻴﺎﺎلﺮﻣﻧ ﺘﺮﭘﺎراﻣ








 921/0 821/0 211/0
 480/0 580/0 201/0
 921/0- 821/0- 211/0-
 ﺮفﻮﮔﻟﻤﻮﻛ-فﺮاﺳﻤﻴﻨ ﻣﻮنزآ رهﺎﻣآ
ﻧﺒﻲﺎﻣﺠ ريادﻌﻨﻲﻣ ﺳﻄﺢ
ذراتدوز)Z( 844/0 444/0 305/0
.ﺑـﻮدﻟﻴﺘـﺮ
.ﺖاﺳـﻲﻛﻠـﻴﺎـاﺷﺮﺷﺬفـﺣدر 889/0 989/0 269/0(ﻓﻪﻃﺮ)2 2OiTn/VU
 2OiTn))deliat-2( .giS .pmysA( درﮔـﺮم2/0آزﻣﺎﻳﺸـﺎتﺳﺮياﻳﻦدر
 232 3931اﺳﻔﻨﺪ،221رهﺎﻤﺷ،ﻬﺎرمﭼوﺖﻴﺴﺑرهودانﺎزﻧﺪرﻣﺰﺷﻜﻲﭘﻋﻠﻮمداﻧﺸﮕﺎهﻣﺠﻠﻪ
3
     
          
  
                                                                                                             
 
         
          
          
            
         
         
         
         
           
       
          
       
        




          
          
  
     
       
         
 
         
       
          
          
        
         
          
        
          
         
       
         
         
          
          
          
          
          
  
 
    
           
        
        
          
       
          
        
        
 
                     
  
     
  
   
     
              
              
              
















































 2OiTnﺑـﺎﻓﺘﻮﻛﺎﺗﺎﻟﻴﺴـﺘﻲﻓﺮآﻳﻨـﺪازاﺳـﺘﻔﺎدهﺑﺎﮔﻨﺪزداﻳﻲدر 2OiT ـﺖﻛﺎﺗﺎﻟﻴﺴــﺎرـﺑـﻪﻛـدادـﺎنـﻧﺸـﺎتـﻣﻄﺎﻟﻌ






 2OiTn )l/g( 01 02 04 06
ﺜﺮﻛاﺣﺪ اﻗﻞﺪﺣﺜﺮﻛاﺣﺪ اﻗﻞﺪﺣ ﺜﺮﻛﺪاﺣ DS±evADS±evA اﻗﻞﺪﺣﺜﺮﻛاﺣﺪ اﻗﻞﺪﺣ
 1 2/0 3/73 8/14±4 8/44 9/54 3/65±01 5/46 3/95 9/96±8/9 7/87 2/56 9/47±11 9/28
 2 4/0 5/34 3/15±6/7 6/85 9/55 4/56±5/8 4/27 07 4/77±8/6 5/38 9/28 9/58±9/3 3/09
 3 6/0 9/55 5/86±11 6/67 5/46 3/37±8 08 53/77 2/18±1/4 5/58 1/78 6/98±1/3 1/39




                                                                                               
         
              
         
        
          
          
          




          
          
  
  
       
       
       
            
          
          
       
         
            
          
         
      
        
         
           
         
         
          
          
         
          
          
          
        
            
         
          
          
          
        
      
         
      
         
       
          
            
         
         
          
           
         
          
       
  
      
        





























































     
          
  
                                                                                                             
 
         
      
     
           
         
           
            
          
          
        
          
       
          
         
           
         
       
           
       
       
         
        
       
          
            
        
         
              
           
         
         
          
          
          
         
         
          
         
              
       
             
           
        
        
        
           
          
            
         
         
   
        
         
      
       
        
              
        
        
           
          
         
         
       
            
        
       
























ﻳﺎﺑـﺪ،اﻓﺰاﻳﺶ 2OiT ﻧﺎﻧﻮذراتﻏﻠﻈﺖﻫﺮﭼﻪ .ﺷﺪﺧﻮاﻫﺪ

















































                                                                                               
          
       
         
         
       
          
        
           
            
        
          
         
        
            
          
       
  
    
        
         
         
          
            
        
        
         
           
             
          
           
            
       
           
            
         
          
       
         
      
        
       
      
        
         
        
       
        
         
            
       
        
        
           
            
            
    
       
         
      
          
          
          
     
       
           
    
      
            
ﻧـﻮرﺑـﺎﺗﻤـﺎسازﭘـﺲﻛـﻪدادﻧﺸﺎن(epoD-N2OiTn)
ازاﺷﺮﺷـﻴﺎﻛﻠﻲﻛﻠﻨـﻲﺗﻌـﺪادﺳﺎﻋﺖ،2ﻣﺪتﺑﻪﺧﻮرﺷﻴﺪ
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